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REPORT NO. GD/A-AKM64-038, "Procedure for Applying Reflective Vapor 
Barrier to Polyurethane Foam Insulation 
Panels" 

t ABSTRACT 

This report describes a development program to implement the results 
of an earlier program to improve the Centaur forward bulkhead insula- 
tion system, - 
This project has resulted in the successful process development and 
installation of an improved reflective vapor barrier system. A re- 
flective aluminized film, formed and bonded to the polyurethane foam 
insulation panels, minimizes the inherent growth characteristics of 
the foam when the foam panels are subjected to sunlight, heat, and 
high humidity. 

Standard resin adhesive. were used; oven post-cure and a machining 
operation have minimized the problem of foam expansion during the 
forming operation; overforming the films should minimize effects of 
elastic memory, 

This project resulted in an improvement in the reliability of the 
Centaur insulation system, 

Copies of this report are available on request to Technical Services, 
Section 490-3, Extension 671. 
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TITLE 

PROCEDURE FOR APPLYING REFLECTIVE VAPOR BARRIER 
TO POLYURETHANE FWAM I N S U L A T I O N  PANELS 

OBJECTIVE 

To deve lop  manufac tu r ing  methods for c o v e r i n g  t h e  Centaur  forward 

bulkhead foam i n s u l a t i o n  p a n e l s  w i t h  a r e f l e c t i v e  vapor b a r r i e r  o f  

a lumin ized  f i l m .  

INTRODUCTION 

T h i s  p r o j e c t  w a s  i n i t i a t e d  t o  deve lop  manufac tur ing  methods f o r  

implementing t h e  r e s u l t s  o f  p rev ious  development work (Repor t  No. 

AOA62-0013, Centaur  Forward Bulkhead I n s u l a t i o n  T e s t  Program) which 

de termined  a s a t i s f a c t o r y  system of i n s u l a t i n g  t h e  Centaur  forward 

bulkhead w i t h  r i g i d  polyure thane  foam. 

Report  No, AOA62-0013 d e s c r i b e s  t h e  po lyure thane  foam used on AC-1 

t h rough  AC-5 bu lkheads  as errat ic  and d i m e n s i o n a l l y  u n s t a b l e  even 

a t  ambient t empera tu res .  Some 02  the four puiiele swellzb t o  such 

a n  e x t e n t  t h a t  t h e  p a n e l s  bulged o u t  away from the  Centaur  bulkhead 

s k i n  and r u p t u r e d  t h e  bond area between t h e  foam and s t a i n l e s s  s t e e l  

f u e l  t a n k  w a l l .  T h i s  rup tu red  area caused  a vo id  t o  be formed which 

f i l l e d  wi th  a i r .  The air became l i q u i d  a i r  when c ryogen ic  f u e l  w a s  

pumped i n t o  t h e  t ank .  T h i s  cryo-pumping a c t i o n  rendered  t h e  i n s u l a -  

t i o n  p r o p e r t i e s  of t h e  foam useless  i n  t h e s e  unbonded areas and some 

o f  t h e  p a n e l s  had t o  be  removed and r e p l a c e d .  
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INTRODUCTION (con td  ) 

During t h e  development stage o f  w o r k  on t a s k  AOA62-0013 i t  188 

found t h a t  a r e f l e c t i v e  vapor  b a r r i e r  o f  t h i n  (.OOl-inch) p l a s t i c  

f i l m  bonded t o  t h e  foam p a n e l s  minimized or e l i m i n a t e d  t h e  @ w e l l i n g  
a c t i o n  of t h e  foam. Because of  t h e  s t a b i l i z i n g  a c t i o n  of t h i s  f i l m  

on the foam i t  w a s  dec ided  t o  i n c o r p o r a t e  t h i s  sys tem on a produc- 

t i o n  Centaur  bulkhead.  The p r o j e c t  d e s c r i b e d  i n  t h i s  r e p o r t  wae 
t h e r e f o r e  i n i t i a t e d  t o  deve lop  methods of  a p p l y i n g  a luminized  p l a s -  

t i c  f i l m  (Mylar) t o  f u l l  s i z e d  p r o d u c t i o n  foam p a n e l s ,  

CONCLUSXONS 

1. Aluminized f i l m s  can be formed and bonded s u c c e s s f u l l y  t o  

polyure thane  foam p a n e l s  u s i n g  s t a n d a r d  r e s i n  a d h e s i v e s ,  

2. The f i l m  used i n  t h i s  program had an  e l a s t i c  memory and 

tended t o  f l a t t e n  o u t  a f t e r  a part h a s  been formed. Over- 

development o f  t h e  con tour  of  t h e  part  shou ld  improve 

shape e t a b i l i t y .  

3. The Freon-blown p o l y u r e t h a n e  foam used  on t h i s  p r o j e c t  

expanded as much 88 22% d u r i n g  t h e  forming  o p e r a t i o n ,  

T h i s  a c t i o n  h a s  now been minimized by a n  oven p o s t - c u r e  

and a machining o p e r a t i o n ,  

- 2- 



RECOMMENDAT IONS 

1. Several a luminized  f i l m s ,  pu rpor t ed  t o  have l e s s  memory and 

more e l o n g a t i o n ,  should  be eva lua ted  t o  minimize s p r i n g  back 

and d i s t o r t i o n .  

2. A program should  be i n i t i a t e d  t o  improve t h e  p r e s e n t  55-72277- 

29 and -33 BNTO's (Bonding Too l s )  t o  a l low p a r t s  t o  be made i n  
an overformed c o n d i t i o n .  Th i s  should  minimize t h e  d i s t o r t i o n  

of  f i n i s h e d  p a r t s  due t o  f i l m  memory and foam warpage. The 

p a r t s  shou ld  a l s o  be o t o r e d  i n  a contoured  ho ld ing  f i x t u r e  

p r i o r  t o  i n s t a l l a t i o n  on miesile bulkhead. 

3. A program should  be i n i t i a t e d  by e n g i n e e r i n g  t o  e v a l u a t e  foams 

which have a lower h e a t  d i s t o r t i o n  index  such  as some of t h o s e  

mentioned i n  Manufactur ing Development Report  AN62AMR-4087 

( E v a l u a t i o n  of Urethane Foaa P a n e l s ) .  

4, A program shou ld  be  e t a r t e d  t o  deve lop  an a c c e p t a b l e  procedure  

f o r  improving t h e  s t a b i l i t y  of t h e  r i g i d  po lyure thane  foam used 

on t h e  Centaur  forward bulkheade. The s t a b i l i z i n g  work done t o  

d a t e  h a s  g r e a t l y  improved t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  

foam, b u t  optimum pos t - cu re  c y c l e s  and machining t o i e r a n c e s  

have no t  been e e t a b l i s h e d .  

5. If hea ted  metal d i e s  a r e  used t o  form or bond polyure thane  foam, 

it is recommended t h a t  steam h e a t  be used. The u s e  of  steam w i l l  

speed up t h e  e n t i r e  p roce8so  

-3- 



DISCUSSION 

. 
BACKGROUND INFORMATION ON RESULTS O F  I'REVIOUS 
FOAM PANEL TESTING (AOA62-0013). 

An 18-inch diameter s t a i n l e s s  s t e e l  t e s t  bu lkhead  w a s  made and 

i n s u l a t e d  w i t h  Freon-Blown foam p a n e l s .  Some of  t h e  p a n e l s  were 

cove red  w i t h  t h e  aluminum p a i n t  c o a t i n g  used  on C e n t a u r  A C - 1  

t h r o u g h  AC-5, some were c o v e r e d  w i t h  a n  a l u m i n i z e d  f i l m  (Dupont 

Myla r )  and some w e r e  cove red  w i t h  una lumin ized  f i l m  (Dupont FEP) .  

T h i s  bulkhead w a s  s u b j e c t e d  t o  s u n l i g h t  and  r e l a t i v e l y  h i g h  humid- 

i t y  as w e l l  as  b e i n g  f i l l e d  and empt i ed  o f  LH2 a b o u t  1 2  t i m e s .  

F i g u r e s  1 and 2 show t h e  t e s t  bu lkhead  b e f o r e  b e i n g  s u b j e c t e d  to 

above  s t a t e d  env i ronmen t s .  P a n e l s  2 o f  Fig. 1 were c o v e r e d  w i t h  

a n  una luminized  f i l m ,  P a n e l s  3 o f  F igo  1 were c o v e r e d  w i t h  a n  

a lumin ized  f i l m  and  p a n e l s  5 o f  F ig .  2 w e r e  p a i n t e d  w i t h  t h e  a lumi-  

num p a i n t  u s e d  on C e n t a u r  AC-1 t h r o u g h  AC-5. 

FIGURE 1. 18" DIAMlETER BULKHEAD FIGURE 2. 18" DIAMETER BULKHEAD 
BEFORE TESTING BEFORE TESTING 

( P a n e l  No, 2 is una lumin ized  f i l m  ( P a n e l  No, 5 is aluminum p a i n t  
c o v e r e d  and P a n e l  No, 3 is  a lumi -  c o a t e d )  
n i z e d  f i l m  c o v e r e d )  
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DISCUSSION (contd) 

The foam panels formed a smooth and continuous contour on the test 

tank before being cycled in the various mentioned environments, 

This can be especially seen on Panel 2 o f  Fig. 1 by observing the 

smooth contour of foam and metal angle, 

FIGURE 3. ALUMINIZED FILM 
COVERING AFTER TESTING Excessive foam swelling can be observed 

on Panel 2 of Fig, 3 around the angle 

and at the bottom of the panel. Panel 

3 o f  Fig. 3 shows the aluminized film 

covered panels to be still intact with 

no appreciable swelling, 

Figure 4 shows how the aluminum paint 

fractured and chipped away from the 
foam leaving very little vapor barrier 

protection and thus impairing the radi- 
ation qualities o f  the paint. 

These tests showed the importance of 
applying the aluminized film to the 

foam panels to prevent foam distor- 

tien, 

Another test bulkhead was prepared 

using a C02-blown foam in place of 

the Freon-blown foam. Test results 

showed the foam to be very stable 

even without the aluminized film 

covering. The first part of the 

Development Program included this 

foam. 

FIGURE 4. ALUMINUM PAINT 
COATING AFTER TESTING 
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DISCUSSION ( c o n t d )  

The p rocedures  deve loped  f o r  forming t h e  CO blown foam and bond- 

i n g  i t  t o  t h e  a lumin ized  f i l m  w e r e  as f o l l o w s :  
2 

1. 

2. 

3. 

4.  

5 .  

6.  

7 .  

8 ,  

Matched aluminum m a l e  and female  d i e s  w e r e  made and i n s t a l l e d  

i n  a hea ted  p l a t e n  p r e s s ,  The p r e s s  t empera tu re  w a s  s e t  a t  

340°F + 10°F. - 
A s l a b  of foam w a s  c u t  t o  f i t  t h e  opening  o f  t h e  d i e ,  

The foam s l a b  w a s  i n s e r t e d  i n  an  oven and hea ted  f o r  10 t o  

20 minu tes  a t  25O0F. 

The h e a t e d  foam s l a b  w a s  removed from t h e  oven and immediately 

p l a c e d  i n t o  t h e  hea ted  d i e s  which were t h e n  c l o s e d .  

The d i e s  were h e l d  i n  t h e  c l o s e d  p o s i t i o n  f o r  10 minu tes  t h e n  

reduced t o  room t e m p e r a t u r e  by a w a t e r  c o o l i n g  system i n  t h e  

d i e s ,  The p a r t s  were t h e n  removed, 

A s h e e t  of a lumin ized  Mylar f i l m  w a s  i n s e r t e d  i n t o  t h e  female  

p a r t  of  t h e  d i e  and vacuum formed t o  f i t  t h e  c a v i t y .  

The Mylar and foam s u r f a c e s  w e r e  c o a t e d  w i t h  an a d h e s i v e  

(Applied P l a s t i c  Company, 1252 Sys tem) ,  The a d h e s i v e  w a s  

a l lowed t o  become a lmost  t a c k - f r e e  b e f o r e  p l a c i n g  t h e  foam 

i n  t h e  d i e  f o r  t h e  bonding o p e r a t i o n ,  

The d i e s  w e r e  c l o s e d  and hea ted  t o  220OF. They were h e l d  

a t  t h a t  t e m p e r a t u r e  f o r  approx ima te ly  30 minu tes  a t  220°F 

and t h e n  t h e  d i e s  w e r e  w a t e r  coo led  t o  below 100°F b e f o r e  

removing t h e  p a r t s ,  

S i n c e  t h e  s m a l l  aluminum t e s t  d i e s  produced v e r y  s u c c e s s f u l  P a r t s  

t h e  f o l l o w i n g  f u l l  s i z e d  p r o t o t y p e  t o o l  was made, 

-6- 



/ 

DISCUSSION ( c o n t d )  

FABRICATION AND OPERATION OF FULL SIZED CAST 
ALUMINUM PROTOTYPE FORMING AND BONDING DIE 

A l a r g e  cast aluminum t o o l  w a s  made s i m i l a r  t o  t h e  s m a l l  t e s t  t o o l .  

The t o o l  w a s  made t o  produce t h e  55-72277-33 pane l ,  The con toured  

p a r t s  of t h e  t o o l  were sand  c a s t  i n  aluminum and ground t o  shape .  

They were t h e n  machined f l a t  on t h e  bot tom s i d e s  and grooves  were 

machined i n t o  t h e  t o o l  t o  s e r v e  as a water jacket., A base  p la te  

w a s  bonded t o  t h e  male and female s e c t i o n  w i t h  Bloomingdale Rubber 

Company's F'M 1000 a d h e s i v e  f i l m ,  The bond w a s  accomplished i n  a 

l a r g e  hea ted  p l a t e n  p r e s s  a t  50 p s i  and 350°F f o r  1-1/2 hours .  

The sequence  of o p e r a t i o n  i n  producing  a foamed pane l  w a s  t h e  same 

as l i s t e d  f o r  t h e  s m a l l  t e s t  t o o l ,  

P ro to type  Tool  Problems: 

The f o l l o w i n g  problem6 w e r e  encountered  i n  t h e  o p e r a t i o n  o f  t h e  l a r g e  

aluminum p r o t o t y p e  t o o l  t h a t  were n o t  appa ren t  i n  f a b r i c a t i n g  t h e  

s m a l l  p a r t s ,  

1. The sand-cas t  aluminum pro to type  d i e s  developed s l i g h t  l e a k s  

due t o  p o r o s i t y  i n  t h e  c a s t i n g s ,  Most of t h e s e  l e a k s  were 

c l ~ s e d  by aeldir\-gj and it w a s  de te rmined  t h a t  t h i s  problem 

would not  e x i s t  when t h e  p r o d u c t i o n  d i e s  were made. 

2. The foam forming and c u r e  t i m e  c y c l e s  were excess ive .  The 

aluminum d i e s  were mounted i n  an  e l e c t r i c a l l y  hea ted  p l a t e n  

p r e s s ,  It took onehour t o  un i fo rmly  h e a t  t h e  d i e s  t o  340°F 

by conduct ion  from t h e  p r e s s  p l a t e n s ,  The t o t a l  foam forming 

c y c l e  wao two hour6 based on a one-hour d i e  heat-up t i m e ,  a 

1/2-hour foam forming c y c l e ,  and a l /2-hour d i e  c o o l i n g  c y c l e .  

The f a b r i c a t i o n  t i n e  c y c l e  could be a c c e l e r a t e d  by h e a t i n g  t h e  d i e  

w i t h  stem, b u t  a steam f a c i l i t y  was n o t  a v a i l a b l e .  0 
-7- 



DISCUSSION (con td )  

P r o t o t y p e  Foam Problems: 

While t h e  Manufactur ing Development S e c t i o n  w a s  deve lop ing  t h e  pro-  

c e s s e s  f o r  f a b r i c a t i n g  t h e  foam p a r t s ,  t h e  Eng inee r ing  Department 

w a s  a t t e m p t i n g  t o  f i n d  an  a c c e p t a b l e  C02 blown foam. 

r e s o l v e d ,  a f t e r  much t e s t i n g ,  t h a t  a c c e p t a b l e  C02 blown foam cou ld  

no t  be ob ta ined  i n  t i m e  t o  f i t  i n t o  t h e  p r o d u c t i o n  s c h e d u l e  f o r  

Centaur  AC-6. P l a n s  for u s i n g  t h e  CO blown foam were abandoned i n  
f a v o r  of  u s i n g  t h e  o r i g i n a l  Freon-blown foam w i t h  t h e  a luminized  f i l m  

added. It  w a s  a l e o  dec ided  t o  e l i m i n a t e  t h e  matched m e t a l  d i e s  i n  

f a v o r  of h igh  t empera tu re  p l a s t i c  t o o l s  which would be  used f o r  form- 

i n g  and bonding wi th  an  oven-cure c y c l e  i n s t e a d  of u s i n g  a h e a t e d  

p l a t e n  preso ,  

d i e s , a n d  a l s o  oven f a c i l i t i e s  a r e  wore a v a i l a b l e  a t  GD/A t h a n  hea ted  

p l a t e n  p r e s s e s ,  

I t  w a s  f i n a l l y  

2 

Doing t h i s  would s a v e  t h e  c o s t  of more expens ive -me ta l  

P r o t o t y p e  P l a s t i c  Tool F a b r i c a t i o n  For  Forming 
and Bonding Foam: 

F I G U R E  5 .  PROTOTYPE FORMING & BONDING TOOL A p r o t o t y p e  p l a s t i c  vacuum 

forming and bonding t o o l  

w a s  made t o  r e p l a c e  t h e  

aluminum d i e s  (F ig .  5 ) .  T h i s  

t o o l  w a s  s imilar t o  t h e  me ta l  

d i e  excep t  i t  d i d  not  have a 

water c o o l i n g  j a c k e t .  T h i s  

t o o l  w a 8  a h igh  t empera tu re  

epoxy l amina te  ( A ) ,  w i t h  a 

s e r i e s  of  1/4-inch copper  

t u b e  vacuum l i n e s  (B)  bonded t o  t h e  back side w i t h  a d d i t i o n a l  l a y e r s  

of l amina te .  Holes  ( C )  were d r i l l e d  (No. 6 0 )  from t h e  i n s i d e  of t h e  

mold through t h e  l a m i n a t e  and i n t o  t h e  copper  vacuum t u b e s  t o  p r o v i d e  

t h e  vacuum necessa ry  t o  form t h e  a lumin ized  f i l m .  

I 

- 8 -  



DISCUSSION ( c o n t d )  

P r o t o t y p e  P a r t  F a b r i c a t i o n  Using P l a s t i c  
Forminp and Bonding Tool :  

A p i e c e  o f  a luminized  Mylar was l ayed  a c r o s s  t h e  t o o l  (F ig .  6 )  open- 

i n g  and a vacuum r i n g  w a s  p o s i t i o n e d  o v e r  t h e  f i l m  and clamped t i g h t -  

l y  around t h e  p e r i p h e r y  of t h e  t o o l  (F ig .  7). The t o o l ,  w i t h  Mylar 

i n  p l a c e ,  w a s  t h e n  p l aced  i n  an oven s e t  a t  450OF. A f t e r  t h e  t o o l  

had been i n  t h e  oven f o r  about t h r e e  minu tes ,  vacuum w a s  a p p l i e d  

th rough  t h e  vacuum tubes .  

t h e  i n s i d e  shape  of t h e  t o o l .  The t o o l  w a s  removed from t h e  oven 

(F ig .  8)  and t h e  Mylar c leaned  w i t h  a l c o h o l  wh i l e  vacuum w a s  main- 

t a i n e d  t o  ho ld  t h e  f i l m  i n  p o s i t i o n ,  An epoxy/versamid a d h e s i v e  

w a s  a p p l i e d  to the Mylar 2nd fnsm s l a b  by b r u s h  (FiK. 9 ) ,  

T h i s  drew t h e  Mylar f i l m  t i g h t l y  a g a i n s t  

FIGURE 6. VACUL! TOOL 
AND ALUMINIZED FILM 

FIGURE 8. REMOVAL OF FORMED 
FILM FROM OVEN 
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FIGURE 7 .  POSITIONING O F  ALUMINIZED 
FILM AND VACUUM RING 

FIGURE 9. APPLICATION 
OF APHESIVE 



DISCUSSION ( c o n t d )  

The foam was p o s i t i o n e d  o v e r  t h e  f i l m  i n  t h e  t o o l  and t h e  p r e s s u r e  

bag was a p p l i e d  (F ig .  10) t o  f o r c e  t h e  foam f i r m l y  a g a i n s t  t h e  f i l m  

u n t i l  t h e  adhes ive  cu red ,  

p s i  (Fig. l l ) ,  Fol lowing  a n  oven c u r e  o f  150°F - + 10QF f o r  one hour ,  

t h e  t o o l  w a s  coo led  t o  room t e m p e r a t u r e  and t h e  f i n i s h e d  p a r t  r e -  

moved, trimmed, and packaged ( F i g ,  12). F i g u r e  13 shows t h e  t h r e e  

d i f f e r e n t  pane l  c o n f i g u r a t i o n s  which make up  t h e  Centaur  forward bulk-  

head i n s u l a t i o n ,  The re  are 56 a lumin ized  f i l m  covered  p a n e l s  i n  a l l .  

There  are e i g h t  of t h e  F i g o  13 ( A )  p a n e l s ,  36 o f  t h e  F i g o  13 (3) p a n e l s ,  

and 12  of t h e  F i g .  13 ( C )  p a n e l s o  

The p r e s s u r e  i n  t h e  bag w a s  s e t  a t  3.5 

FIGURE 10. INSTALLATION O F  
FOAM AND PRESSURE BAG 

FIGURE 11 , PRESSURE ADJUSTMENT 
ON BONDING TOOL 
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DISCUSSION ( con td )  

FIGURE 12. F I N I S H E D  PART FIGURE 13. THE THFBE DIFFERENT 
BEING PACKAGED CONFIGURATIONS MAKE UP THE CEN- 

TAUR FORWARD BULKHEAD IXSULATION 
(System of 56 p a r t s )  

d 
P r o t o t y p e  Foam P a n e l  D i s t o r t i o n  Problems: 

A l l  o f  t h e  p a r t s  made i n  t h e  p r o t o t y p e  mold had a t endency  t o  f l a t t e n  

o u t  ( sp r ing -back  between 20 t o  30 p e r c e n t )  depending on how l o n g  t h e  

par t  w a s  cu red  i n  t h e  oven d u r i n g  a d h e s i v e  bonding and how l o n g  t h e  
- A -  paat vas ix the  S o ~ d i n g  t n n l  p r i o r  t o  removal.  To a l l e v i a t e  t h i s  

c o n d i t i o n ,  t h e  p r o t o t y p e  forming and bonding t o o l  w a s  t e m p o r a r i l y  al-  

t e r e d  by adding  an i n s e r t  t o  t h e  t o o l ,  T h i s  i n s e r t  formed a more 

acute  a n g l e  i n  t h e  beve led  area and t h e r e b y  caused t h e  f i l m  t o  be  

s l i g h t l y  overformedo The i n s e r t  w a s  removed f o l l o w i n g  t h i s  overform- 

i n g  o p e r a t i o n  and t h e  overformed f i l m  w a s  p l aced  i n  t h e  n e t  shape  t o o l ,  

The overformed f i l m  shape r e t u r n e d  t o  approx ima te ly  t h e  t o o l  shape.  

A p a n e l  w a s  made u s i n g  t h i s  system and t h e  r e s u l t a n t  p a r t  had l ess  

sp r ing -back  t h a n  one made wi thout  over forming ,  b u t  due t o  t h e  u r g e n t  
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DISCUSSION ( c o n t d )  

need f o r  p a r t s  f o r  AC-6 i t  W a f 3  d ec ided  t o  proceed wi thout  a n  over-  

forming o p e r a t i o n .  It  w a s  f e l t  t h a t  spr ing-back  would n o t  be t o 0  

s e r i o u s  a problem because t h e  foam p a n e l s  w e r e  q u i t e  f l e x i b l e  and 

would be pressed  t i g h t l y  a g a i n s t  t h e  meta l  of t h e  forward bulkhead , 

by vacuum p r e s s u r e  d u r i n g  t h e  bonding o p e r a t i o n .  During a c t u a l  i n -  
s t a l l a t i o n  t h e  main d i f f i c u l t y  due  t o  p a n e l  d i s t o r t i o n  w a s  encount-  

e r e d  i n  trimming and f i t t i n g  t h e  p a n e l s  t o  each o t h e r  on t h e  bulk-  

head p r i o r  t o  t h e  bonding o p e r a t i o n .  Having p a r t s  e x a c t l y  t o  con- 

t o u r  would make t h e  t r i m  and f i t  o p e r a t i o n  much easier .  

PRODUCTION DKVELOPMISNT WORK A N D  FABRICATION 
O F  PRODUCTION PANELS FOR AC-6 

The t o o l  d e s i g n  department  prepared t h e  s k e t c h e s  o f  t h e  forming and 

bonding t o o l s  and t h e  p l a s t i c  t o o l i n g  shop f a b r i c a t e d  t h e  t o o l s .  The 

t o o l s  were made s imi l a r  t o  t h e  p r o t o t y p e  t o o l  e x c e p t  t h a t  t h e  vacuum 

system c o n s i s t e d  of a chamber i n s t e a d  of copper  t u b e s ,  T h i s  provided 

a g r e a t e r  vacuum volume which a c c e l e r a t e d  t h e  f i l m  forming c y c l e .  

Af t e r  t h e  t o o l s  were f a b r i c a t e d  it  w a s  found t h a t  t h e  vacuum system 

leaked through t h e  epoxy f i b e r g l a s s  l a m i n a t e .  The l e a k s  were s e a l e d  

by h e a t i n g  t h e  t o o l s  t o  250°F and p a i n t i n g  t h e  e d g e s  o f  t h e  t o o l s  

w i t h  an  epoxy adhes ive  w h i l e  vacuum w a s  a p p l i e d .  T h i s  sucked t h e  r e s i n  

i n t o  t h e  lamina te  t h e r e b y  s e a l i n g  t h e  l e a k s .  

( S h e l l  828 Epoxy) and h a r d e n e r  (General  M i l l s  Versamid 125)  were used.  

A 50/50 mix o f  epoxy 

P roduc t ion  P r e s s u r e  Bag F a b r i c a t i o n  and Opera t ion :  

The p r o t o t y p e  and p roduc t ion  p r e s s u r e  bags were made u s i n g  a room t e m -  

p e r a t u r e  v u l c a n i z i n g  s i l i c o n e  r u b b e r  (General  E l e c t r i c  RTV-SO) r e i n -  
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DISCUSSION ( con t  d ) 

f o r c e d  w i t h  one l a y e r  o f  181-s ty le  f i b e r g l a s s .  They were made by 

t h e  w e t  l ayup  method on a f l a t  t a b l e ,  The p e r i p h e r y  o f  each  bag 

w a s  sewn and t h e  exposed t h r e a d s  w e r e  coa ted  w i t h  a b rush  c o a t  o f  

s i l i c o n e  rubbe r .  The 55-72277-31 p r e s s u r e  bag w a s  used i n  making 

about  20 p r o d u c t i o n  parts b e f o r e  leaks developed  around t h e  p e r i -  

phery  due  t o  p e e l i n g  a c t i o n  caused by t h e  3 t o  5 p s i  i n t e r n a l  bag  

p r e s s u r e .  

A r u b b e r  manufac tu re r  w a s  c o n t a c t e d  t o  make t h e  p r e s s u r e  bags.  I t  

developed t h a t  t h e  manufac turer  cou ld  no t  produce a bag c a p a b l e  o f  

t e s t  p r e s s u r e s  t o  15 p s i ,  so t h e  p r e s s u r e  pad p r e s s u r e  sys t em w a s  

dev i sed .  

P r e s s u r e  Pad System and Opera t ion :  

A p r e s s u r e  pad w a s  f a b r i c a t e d  u s i n g  a w e t  l ayup  of epoxy and f i b e r -  

glass. The r e s i n  system w a s  t h e  s a m e  a8 t h a t  used f o r  t h e  forming 

and bonding t o o l s .  The l amina te  w a s  about  1/4-inch t h i c k  and con- 

t o u r e d  t o  f i t  t h e  shape of t h e  forming t o o l .  The s i d e  of t h e  p re s -  

s u r e  pad which p r e s s e d  a g a i n s t  t h e  r i g i d  foam d u r i n g  t h e  bonding 

o p e r a t i o n  w a s  l i n e d  w i t h  a one-inch t h i c k n e s s  of f l e x i b l e  polyure-  

t h a n e  foam. Weights  e q u a l  t o  about  2 t o  5 p s i  were added t o  pro-  

v i d e  t h e  bonding p r e s s u r e .  

The remainder  o f  t h e  f i r s t  s h i p  se t  of  56 p a r t s  w a s  made u s i n g  p res -  

s u r e  pads  and we igh t s ,  The weights  were e l i m i n a t e d  a t  t h e  s t a r t  of  

t h e  second s h i p  s e t  f a b r i c a t i o n  program and r e p l a c e d  by vacuuming 

t h e  p r e s s u r e  pad a g a i n s t  t h e  foam. T h i s  system produced a g r a i n y  

t e x t u r e d  appearance  on t h e  f i l m  s i d e  of  t h e  pane l  b u t  ensured  good 

p a r t s  w i t h  a minimum amount of r e s i n  needed t o  bond t h e  f i l m  t o  t h e  

foam. 
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DISCUSSION ( c o n t d )  

Foam Pane l  F a b r i c a t i o n :  

When s e c t i o n  490 s t a r t e d  work on t h e  f i r s t  s h i p  set  t h e  foam p a n e l s  

had a l r e a d y  been heat-formed t o  shape  on t h e  t o o l s  used t o  f a b r i c a t e  

a l l  o f  t h e  Cen tau r  forward bulkhead i n s u l a t i o n  p a n e l s  p r i o r  t o  AC-6. 

Some o f  t h e s e  p a n e l s  v a r i e d  i n  t h i c k n e s s  as much as 22 p e r c e n t  a f t e r  

h e a t  forming. Due t o  t h e  urgency o f  t h e  program i t  w a s  dec ided  t o  

p i c k  t h e  b e s t  of  t h e s e  formed p a n e l s  f o r  p r o d u c t i o n  p a r t s .  The major- 

i t y  o f  t h e  p icked  p a n e l s  were o v e r  .90-inch b u t  under  1.00-inch t h i c k .  

The B/P t o l e r a n c e  w a s  set  a t  .87 t o  .90 i nches .  The large (55-72277- 

29)  p a n e l  is t h e  most c r i t i c a l  because  t h e  a f t  end o f  t h i s  p a n e l  

f e a t h e r s  ou t  i n  a n  area where a t a n k  f a b r i c a t i o n  j i g  f i t s .  I f  t h e  

-29 p a n e l s  are  t o o  t h i c k  i n  t h a t  area the j i g  w i l l  n o t  s l i p  o v e r  them, 

About 75 p e r c e n t  o f  t h e  AC-6 m i s s i l e  s e t  w a s  completed b e f o r e  i t  w a s  

found t h a t  t h e  foam cou ld  be s t a b i l i z e d  somewhat by c u r i n g  t h e  f l a t  

foam s labs  a t  20O0F f o r  one hour  fo l lowed by machining them t o  B/P 

t o l e r a n c e s ,  I t  is f e l t  t h a t  v a r i a t i o n s  i n  p o s t  c u r e  t i a e  and tempera- 

t u r e s  could  be deve loped  t o  s t a b i l i z e  t h i s  foam t o  w i t h i n  a n  a c c e p t -  

a b l e  pe rcen tage  of  l ess  t h a n  5 p e r c e n t  growth. 

Res in  System: 

The r e s i n  system used on t h e  p r o d u c t i o n  p a r t s  w a s  changed from t h e  

epoxy system used on t h e  p r o t o t y p e s  t o  a n o t h e r  similar sys tem i n  o r d e r  

t o  r educe  v i s c o s i t y .  ( S h e l l  815 epoxy 60 p a r t s ,  and 40 p a r t s  o f  Genera l  

M i l l s  Versamid 140) .  T h i s  provided  a r e s i n  sys tem which a l lowed t h e  

r e s i n  t o  flow more e a s i l y  and t h e r e b y  push o u t  e n t r a p p e d  a i r  f a s t e r .  

I t  w a s  found advantageous  t o  u s e  a8 l i t t l e  r e s i n  as p o s s i b l e  w i t h  t h i s  

system. 
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DISCUSSION (contd) 

Mylar Forming and Bonding: 

The procedures for forming and bonding the aluminized Mylar film 

to the foam are the same as those that were used for bonding the 

prototype parts (see pages 8 through lo), 

RESULTS 

This project has resulted in the fabrication and installation of 
56 insulation panels on the Atlas/Centaur AC-6 forward bulkhead, 

FIGURE 14, AC-6 INSULATION COMPLETED 
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STATUS 

Follow-on work is now i n  progress to investigate: 

. improvement of the film forming process 

. improvement of the adhesive cure cycle 

. a holding fixture (hold parts to shape) 

. use of films having greater elongation and 
less memory 

. overforming 
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